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CRYSTAL DISPLAY DEVICE AND ELECTRONIC EQUIPMENT 



RAfK (TROT JND OF THF TNVENTION 

1 Field of Invention 

[0001] The present invention relates to a liquid crystal display device and electronic 

equipment, and specifically, it relates to a technique to produce a display with a high contrast 

and a wide viewing angle in a transreflective liquid crystal display device that produces 

displays both in reflective mode and transmissive mode. 

2. Description of Related Art 

[0002] Certain transreflective liquid crystal display devices working both in 

reflective mode and transmissive mode are known as liquid crystal display devices. Among 

such related art transreflective liquid crystal display devices, one including an upper substrate, 
a lower substrate, and a liquid crystal layer held between the upper and lower substrates and 
having a reflective film on an inner surface of the lower substrate has been proposed. In this 
device, the reflective film includes a film of metal, such as aluminum, has a window for 
optical transmission and functions as a transreflective plate. In reflective mode in this device, 
extraneous light incident from the upper substrate passes through the liquid crystal layer, is 
reflected by the reflective film on the inner surface of the lower substrate, passes through the 
liquid crystal layer again, exits from the upper substrate and thereby contributes to display. In 
contrast, in transmissive mode, light emitted from a backlight and incident from the lower 
substrate enters from the window of the reflective film, passes through the liquid crystal layer, 
exits from the upper substrate to the outside and thereby contributes to display. Of regions 
where the reflective film is arranged, a region of the window constitutes a transmissive 
display region, and the other region constitutes a reflective display region. 

[0003] However, related art transreflective liquid crystal display devices have a 

narrow viewing angle in transmissive display. This is because these devices have the 
transreflective plate on the inner surface of the liquid crystal cell for avoiding parallax and 
must thereby produce reflective display by using only one deflection plate arranged on a side 
facing an observer. Owing to this constraint, they have a small degree of freedom in optical 
design. To solve this problem, Jisaki et al. propose a liquid crystal display device using a 
vertically aligned liquid crystal in Development of transreflective LCD for high contrast and 
wide viewing angle by using homeotropic alignment", M. Jisaki et al., Asia Display/IDWOl, 
p. 133-136(2001). The device has the following three features. 



,0004] (1 ) The device employs "vertical alignment (VA) mode" in which a liquid 
crystal having negative dielectric anisotropy is aligned vertically to substrates and tilts upon 

application of a voltage. 

,0005) (2) It employs a "multi-gap structure" in which a transmissive dtsplay regton 
and a reflective display regton have different thicknesses in the liquid crysta! layer (cell gaps) 
(see for example, Japanese Unexamined Paten. Application Publication No. HI 1 -242226). 

,0006] (3) It employs a "domain division structure" in which the transmisstve 
display region is an equilateral octagonal, and a protrusion is arranged in the center of a 
remissive display region on a counter substrate so as to allow the liquid costal to tin tn 

eight directions in this region. 

,0007] However, Jisaki et al. never discloses any configuration to control the hit 
direction of the liquid crysta! molecules in the reflective display regions, although the til. 
direction of .he liquid crystal molecules in the transmissive display regions is controlled by 
the use of protrusions. In the reflective display regions, therefore, the liquid crystal molecules 
tU, i„ random directions, which induces discontinuous lines called "disclination" a. tire 
interfaces between different regions where liquid crystal molecules have different alignments, 
thus causing, for example, afterimage, In addition, regions where me liquid crystal 
ntolecules have different alignments show different viewing angle charac.eris.tcs. Thus, 
rough, spotting uneven display is seen when the liquid crystal display device is viewed from 
an oblique direction. 

,0008) Providing such a multi-gap structure in .ransreflective liquid crys.a. dtsplay 
devices is very effective to ma.ch the elec.ro-op.ical characteristics (transmittance-vol.age 
characteristics, reflectance-vohage charac.eris.ics) between the transmissive display regtons 
and .he reflective display regions. This is because .he light passes through .he liquid crystal 
,ayer twice in .he reflective display regions, whereas i. passes .hrough .he liquid crystal layer 
only once in the transmissive display regions. 

,0009] Figs. 12(A) and 12(B) illustra.e effects of .he multi-gap structure on the 
e,ec.ro-optical characteristics (transmi.tance-vol.age characteristic and reflectance-voltage 
characteristic). Fig. 12(A) shows .he elec.ro-op.ical characteristics when the transmtastve 
display regions and the reflective display region have tire same cell gap. Such a liquid crystal 
display device having no multi-gap structure has such a reflec.ance-vol.age charae.eris.tc that 
a reflecance excessively sharply drops wi.h an increasing voltage in reflective display and 
ntay induce display problems, such as decreased .remittance or the inversion of halftones tn 
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reflective disp.ay, unless the transmissive disp.ay regions and ,he refleetive display regtons 
are driven at different voltages. In contrast. Fig. 1 2(B) shows the electro-optical 
characteristics when the transmissive display regions have a cel. gap ahou, two times as large 
as the cel. gap of .he reflective display region, By employing snch a multi-gap structure the 
reflec.ance-vo.tage charac.eris.ics in reflective display suhs.an,ially match the transmittance- 
vohage characteristics in transmissive display, and the reflective display regions and the 
transmissive disp.ay regions can be driven at the same voltage. 

(00101 However, providing the multi-gap structure may induce a decreased 
substantial aperture, since liquid crysta. molecules in step regions are resistant to move. The 
step regions aflow the cel. gaps different, In addition, its manufacturing process requ.res 
extra pho.oprocesses for the formation of the multi-gap structure, inviting increased cost. 

Cl 1MMARV Q F ™ INVKNTION 
(0011 ) The present invention has been accomplished to address the above problems. 
The present iuven.ion provides a transreflective liquid crysta. display device «ha, can suppress 
display failures, such as afterimages and spotting uneven displays, can produce displays wtth 
wide viewing angle and can minimize, for example, decreased aperture causeft by steps tn the 
ease of providing a multi-gap structure. The present invention also provides an easy and 
snitable technique to control the til. direction of liquid crystal molecu.es in reflective dtsp.ay 
regions and .o thereby provide a liquid crystal display device that can produce umform . 
displays with wide viewing angles both in reflective display and transmissive dtsplay. 

[0012] To achieve the above objects, a liquid crystal display device of an aspect of 
,he present invention includes a patr ofsubstra.es and a liquid crystal layer held be<ween the 
subs.ra.es and having a transmissive disp.ay region for transmissive display and a reflective 
display region for reflective display in each do. region. The liquid crysta. layer includes a 
hnuid crysta. being initially vertically aligned and having negative dieleouic anisotropy. The 
pair ofsubs.ra.es each having an elecftode to drive the liquid crystal arranged on a surface 
facing the liquid crystal layer. The electrode of a, leas, one of .he pair of substia.es has a sh. 
opening and/or a profusion as an altgnmen. controlling device to control the alignment of the 
, iqu id crys,al in each of .he transmissive display region and tire reflective display regton, the 
sh, opening being arranged through a par. of .he electiode, and .he protiusion being arranged 
on me electrode and including a dielectric, and the opening are, of tire sli, opening and/or the 
occupying area of the die.ec.ric protrusion in a plane direction of tire aubs,ra,e being se, larger 
in me reflective display region man in the transmissive display region. 



,0013] The liquid crystal display device of an aspect of the present inventron rs a 
transreflec.ive liquid crystal disp.ay device in comhination with a liquid crysta. in verttca, 
aUgmnen. mode, which emp.oys a confrguration to contro. ,he alignment direction upon 
appTation of an electric fre,d in the liquid crystal in vertical alignment ntode. >n the verhca! 
ahgnnren, mode, a negative ,iquid crys.a, is genera„y used. Liquid crystal mo,ecu,es theretn 
are «ia,.y vertically aligned to .he planes of substrates and axe then tilted hy the 
of electric field. If no device is provided (if pre-.iU is no. applied), .he «. direCon of the 
liquid crystal mo.ecules canno, be controlled. Disordered alignment (disc.ination) occurs to 
cause disp.ay fai.ures, such as optical dropouts and .0 de.eriora.e disp.ay quality. Con.mH.ng 
Ore alignment direc.ion of liquid crys.al mo.ecules upon application of electric field ,s an 
essential key when the vertical alignment mode is employed. 

10 014] Accordingly, the liquid crystal display device of an aspect of the present 
invention has, as device to control .he alignment of the .iquid crystal, sli, openings ,n 
erodes and/or protrusions made of a dielectric (e.g., a resin) are formed on the electrodes 
bo ,h in the .ransmissive display regions and the reflective disp.ay regions. The liquid crystal 
ra olecu.e S initially show vertical alignment and have pre-ti.t corresponding to the shapes of 
ore openings and/or protrusions. The til. direc.ion of the liquid crystal mo.ecules can thereby 
be limited or controlled. Thus, the resu.ting liquid crystal display device can suppress 
disordered alignment (disc.ina.ion), can avoid display fai.ures, such as optica, dropouts, can 
suppress disp.ay fai.ures, such aa afterimages and spotting uneven displays and can have w,de 
viewing angles. 

|0015) The opening area of the openings and/or the occupymg area of the 
protrusions in a plane direction of the substrate in the reflective display regions is se, larger 
than the opening area of .he openings and/or the occupying area of the protrusions in a plane 
direction of the substrate in the transm.sstve display regions. In the reflective display regtons, 
a voltage is less applied to the liquid crystal layer, and the liquid crystal mo.ecu.es do no, .... 
in the direction of a voltage unless a high voltage is applied. Accordingly, the elec,ro-o P .,ca, 
characteristics in reflective disp.ay can match those in transmissive disp.ay as shown ,n Ftg. 
4 even without employing a multi-gap structure as described in the related art technology 

,00161 Specifically, an aspect of the present invention can produce displays w„h 
wide viewing angles based on the aforementioned liquid crys.a. a.ignmen, con.ro. effects, can 
drive liquid crys,al mo.ecules in the reflective display regions and the transmissive dtsplay 



regions in ,he same manner a, an equa. vohage by a simp.e configuration and can prov.de 
liqlud crys,a. disp.ay device having e*ce,.en, e.ec,ro-op,ica. charaCerisUcs. 

1,71 The openings and/or protrusions may have a configuration ,o con.ro. the ,,. 
direction of .he verticafly ahgned liquid crystal molecules. In .his case, tine vertically ahgned 
-.ecuies can he regularly tihed in a predefined d,rec.ion. The — 
» la. disp,ay device is resis.au, ,o disordered aiignmen. (disc.ina.ion) of u,u,d cry^al 
ZlZl can a!oid disp.ay failures, such as optical dropouts and can have exceHen, dtsp.ay 

Je with respect .0 the vertical a.ignmen, direction of me liquid crys,a, mo.ecn.es. 

,0018] The dis,ancesbe,ween,he individual electiodes arranged on me pa,r of 
subs.ra.es may he se, subs.an,ia.,y eo.ua. in .he missive disp.ay regions and me reflective 
di sp,ay region, ^ ^ ^ ^ ^ ^ g „ 

b e«wee Cectrodes of the two subs.ra.es in regions where me openings and/or protrusions are 
Z arranged. The liquid crys,a, disp.ay device of an aspec. of .he presen. mvenhon can have 
ma .ched e.ec.ro-op.ica, charac.ens.ics in .he individua, disp.ay regions even when me 
^ Ices be,ween elecmodes are s„b,an.ia„y equa, in .he transmissive display regtons and 
Z ^reflective disp.ay regions. When one of the subsmr.es has a reflective film .0 produce 
2 L dispiays, .he advances of an aspec. of me presen. invention can be exhtbt.e, even 

"""'To m The die.ec.nc protrusions may be arranged on me e.ectiodes and may have 
an inch ed surface inc.ining a. a prCetenuined ang.e ,0 .he Cectrode surface. By providing 
I p.— wim an incHned surface, .he .... direction of the Hquld crysta. mo.ecu.es can 
be advantageously controlled in a direction along .he inclined surface. 

,0021 1 The d,s,ance between adjacen. two of the openings and/or pro.rus.ons 
arranged in .he reflective disp.ay regions may be se. smal.er man ,he distance ^between 
Zen, ,wo of .he openings andlor pro.rusio„s arranged in .he .ransmisstve d.sp.ay regtons. 
^ configuration can suhably increase the area, ratio of .he openings and/or protiusmns m 
fte reflective display regions .ban .ha, in .he .ransmissive display regmns. 

|O0221 The liquid crys.al disp.ay device of an aspec, of me present mventton may 
inc ,ude an upper substiate and a ,ower substrate as the pair of substrates, me .owe. substrate 
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having a backlight for transm.ssrve d.sp.ay ar^nged on an opposite side ,0 the liquid crystal 
,ayer and having a reflective fi,m on a side facingthe liquid crystal layer, the reflective ,ayer 
being selectively arranged only in the reflective display regions. This configuration can 
suitably provide a transreflective hquid crystal display device. In addition, by providmg a 
color filter layer on a side of the upper substrate facing the liquid crystal ,ayer or on a srde of 
the reflective film facing the liquid crystal layer, a transreflective liquid crysta. display dev.ce 
that can produce color displays can be advantageously provided. 

,0023] Electronic equipment of an aspect of the present invention includes the 
aforementioned liquid crystal disp.ay device. The resulting electronic equipment can 
suppress display failures, such as afterimages and sponing uneven displays and can have a 
display unit with wide viewing angles and excellent display properties. 

BtmF DESCR tPTlON OF THF DRAWINGS 
[0024] Fig. 1 is an equivalent circuit schematic of a liquid crystal display device 
according to the first exemplary embodiment of the present invention; 

(00251 Fig. 2 is a plan view showing a dot structure of the liquid crystal drsplay 

device; 

[0026] Figs. 3(A and 3(B) are a schematic plan view and a schematic sectional view 
showing the principle parts of the liquid crystal display device; 

[0027] Fig. 4 is a graph showing electro-optical characteristics of the liquid crystal 

display device; 

10028) Figs. 5(A) and 5(B) are a schematic plan view and a schematic sectronal 
view showing the principal parts of a hquid crysta! display device according to the second 
exemplary embodiment; 

[0029] Figs. 6A and 6(B) are a schematic plan view and a schematic sectional view 
showing the principal parts of a liquid crystal display device according to the third exemplary 
embodiment; 

,00301 Figs. 7(A) and 7(B) are a schematic plan view and a schematic sect.onal 
view showing the principal parts of a liquid crystal display device according to Ore fourth 

exemplary embodiment; 

[0031] Fig. 8 is a schematic plan view showing the principal parts of a liquid crystal 

display device according to the fifth exemplary embodiment; 
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,00321 Figs. 9(A) and 9(B) are a schematic plan view and a schematic sectional 
view showing the principal parts of a Hquid crystal dtsplay device according to the s,x«h 

exemplary embodiment; 

,0033) Fig. 1 0 is a schematic sectional view showing a modified example of the 

liquid crystal display device of Fig. 9; 

,0034, Fig. 1 1 is a perspective view show.ng an example of electron* equtpmen, of 

the present invention; and ■ 

(0035] Figs. 12(A) and 12(B) are a graph showing electro-optacal charactensttcs of 

a related art liquid crystal display device. 

rvPT ATT ED DESCRIPTIOIIOF^RPJF^RE ^MBODIMENTS 

First Exemplary Embodiment 

,0036] The firs, exemplary embodiment of the present invention win be illustrated 

J 

below, with reference to the figures. 

,0037) A liquid crystal display device according to the present exemplary 
embodiment is an example of an active-matrix l.quid crysta! display device using a thin fi.m 
transistor (hereinafter briefly referred to as TFT) as a switching element. 

,00381 Fig. 1 isanequivdentcircuitschematicofapluralityofdotaarrangeuma 
matrix constituting image display regions of the liquid crysta, display device according to the 
present exemplary embodiment. Fig. 2 is a p.an view showing thestructure of adjacent _ 
Irahty of dots in a TFT array substrate. Figs. 3(A) and 3(B) are a plan vtew and a secttona, 
view respectively, of the structure of the liquid crysta, device. In order to al.ow each layer 
and member to have a recognise level of size in the figures, individual .ayers and members 
in the following figures have different reduction scales. 

, 0 „ 39 1 ta the liquid crystal display device of the present exemplary embodtmen. 
with reference to Fig. 1, a plurality of dots arranged in a matrix and cona.inr.ing image 
display regions each have a pixe, eleCrode 9 and a TFT 30 serving as a awi.chtng e lemenUo 
control the pixe, eleCrode 9. A da.a fine 6a is electneafiy conned to a source of fite TFT 

30 To the data fine 6a, itnage signets are suppfied. The image stgnals Sl, S2 Sntobe 

written in Ore data line 6a are supplied Hne-seqnential.y in this order to each fine or supphed 
to each group of adjacent p,ura,i.y of da.a fines 6a. A scanning fine 3a is electnca) y 
connected .o .he gate of the TFT 30 to thereby app.y pulsewise scann.ng stgnals Gl, 02. .... 
Gnt to the plurahty of scanning fine 3a in this order fine-sequentiafiy in ptedetemrtned umtng. 
The pixe, e,ec,rode 9a is e,ec,rica„y connected .o the drain of the TFT 30. By swt.chtng 
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••ON" the TFT 30 as a switching e.emen. for a predefined time period, the image stgnafc 
S1 S2 and Sn supplied from .he data lines 6a are wrinen in predetermined tim.ng. 

(0040] The image signals S, , S2, . . ., and Sn at a pre.eten.ined .eve, written vta the 
pix e, electrode 9a on a ,i q nid ctysta, are held for a predefined time between the pixel 
tectrode 9a and a conn.er electrode mentioned later. The liquid crystal changes the 

Ze , border of its molecular association depending on the !eve, of .he applied voUage 
^17, ShUotherehvproduceagradaUonaHispia, To avoid ,eaKage of the fie.d 

u^^i^^t will be illustrated with reference to Fig. 2. 
device of the present exemplary embodiment will be urns 

f „ tnFio 2 the TFT array substrate has a plurality of 
100421 With reference to Fig. A tne i r i a^o-y 

rec.angu.ar pixel decodes 9 (their outlines are shown by dotted .ines 9A) arranged in a 
II and has da, Hues 6a, scanning Hues 3a and capacitive fines 3b a^ged a,ong ,h 
Til. and hor,on,a, boundanes of .he pixe, electrodes 9a, respective*. In the present 
Iplary embodtmen,, a region responding to each p,xe, decode 9 attd the a regto 
"data „nes 6a, scanning „nes 3a, capactttve hues 3b or the „ k e are arranged so as o 
llnd each pixe, e.ectrode 9 confutes one do, region. Each of the do, regtons arranged 

\rx * matrix can produce a display. 

7o43, The data Hues 6a are electrically connected via a contact ho,es 5 to source 
regions mentioned later, of a semiconductor layer ,a made of, for examp.e, a po.ysificon ftlrn 
2 constituting the TFT 30. The pixe, decodes 9 are e,ec,rica„y connected vta con, c, 
Tls S ,0 drain regtons, mentioned later, of the semiconductor layer „ The scanntng hues 

Z the fire, of the semiconductor ,ayer , a and serve as gate electrodes .n pontons facng 



the channel regions. 

,0044, The capacitive lines 3b have main line sections (natnely, first regtons 
arrange along Ore scanning lines 3a a, a ,op view) extending sub— y fineariy along the 
12 „g lines 3a and protrusion sections (namdy, second regtons extending along , he data 
HI a. a top view) protntding toward the prevtous-stage sides (upper dirccfion ,n ,fie 
flg^) along , e dara lines 6a from portions where the capacitive fines 3b iutersec, the data 



lines 6a. 
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,0045] A plurality of firs, light shield films Ha are arranged in regions hatehed with 

lines slanted to upper right in Fig. 2. 

,0046] More specifically, the first light shield films 1 la are arranged >n such 
positions as to cover the TFTs 30 including .he channe, area of Ore semiconductor layer 1 a, 
when viewed from .he TFT array subs,ra,e side, and Include main line sections ex.end.ng 
nearly along .he scanning lines 3a and facing .he main line sections of fire capaci.ive fines 
" Id proton sections protruding from a portion .ntersecfing fine da,a lines 6a .oward .he 
adjacent pos, s.age (downward ,„ .he figure) along .he data lines 6a. The end ofme 
downward pro.rusion section in each stage (pixel row) of .he firs, light sh,e.d films 1. 
over ,aps the end of .he upward pro.rus.on of the post-stage capacitive line 3b under .he da.a 
, ine 6, The overlapped portions each include a con.ac. ho,e .3 ,ha. Oectricafiy connects 
bet wee„ .he firs, light shield film „a and the capacitive fine 3b to euch other, m o.her wo^ 
in this exemplary embodimen,, .he firs. ligh. shield films 1 1 a are electrrcal.y connect* .o ,he 
previous-stage or pos.-s.age capaci.ive line 3b through the contact holes 13. 

,0047] With reference to Fig. 2, each one do. region has a reflecUve film 20 m ,<s 
center a region including the reflecfive film 20 serving as a reflective display region R and 
^region including no reflective fi,m 20, i.e„ a region in .he opening 2) of .he reflect film 
20 serving as a transmissive display region T. 

' ,00481 Wiih reference to Figs. 3(A) and 3(B), the struclure of .he liquid crystal 
display device according to the present exemplary embodimen, wil. be ifiustrated. Fig. 3(A) 
„ a schematic plan view showing a planar structure of a color filter layer in me „u,d crys.l 
display device of .he present embodiment, and Fig. 3(B) is a schematic sectional v,ew of a 
portion corresponding .o a red pigment layer in .he plan view of F.g. 3(A). 

,0049] The liquid crystal display device of the present exemplary embod,men, has 
do. regions including .he pixel decodes 9 in regions surrounded by, for example, fire data 
, in es 6a .he scanning lines 3a, and .he capacitive fines 3b as shown in Fig. 2. One dot regmn 
(an y one of Dl, D2, and D3) has a pigmen, layer of one of three primary colors correspon ,ng 
,0, and me three do. regions D. , D2, and D3 constitute a ^. including pigment layers 22B 

(blue), 22G (green), and 22R (red). 

,0050] With reference ,0 Fig. 3(B), me liquid crystal display device of .he present 
exempli embodimen. inc.uding a liquid crystal layer 50 held between a TFT array substrate 
,0 and a coun.er substrate 25 artanged so as .0 face the TFT artay substrate ,0. 
crystal layer 50 is made of a liquid crystal material being initially vertically aligned, ,.e.. 
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having negative dielectric anisotropy. The TFT OT ay substrate ,0 partially has a reflective 
P ZTo on he surface of a substrate main body .OA made of a translucent ma.ena., sueh as 

mXsvUan— gf , taM .The refl ec t ive fi ,n l2 0is m adeofahi g , re nee,ive 
Z m*L -h as aluminum and s„ve, As described above, the region includmg ,he 

n , ve film 20 serves as .he reflective display region R and the region inctudtng no 
^ " 2 0,,e.,fl 1 ei„sideoft h eope.ng ( — sive^on), offltereflecflveflhn 
I serves as the transmissive disp.ay reg.cn T. The hquid crysta, dtsp.ay devtce o the 
^exemplary en.bcdin.en, is a verticaUy aligned liquid crysta. display dev.ce havmg a 

can produce reflective d.splay and transmissive display. The insulating layer 24 has 
Aliens and depressions in its surface, and the reflective film 20 has proti—1 
depressions in its surface copending to the above protrusions and depress.ons. The 

the device can obtain displays with wide viewing angles. The _ve d,splay 
^onlay no, necessarily be an opening formed in ,he reflective fib. 20 and can he for 
ZZ, designed ,o be a region having o P ,ica,ly ,ransmi„ing device such ,hat the th.cKness 
ofl he reflective fllm 20 is partially reduced. 

,005!] The surface of*, insulating fllm 24 including rhe surface of the reflechve 
fita 20 has a pixel Cech.de 9 made of a transparen, conducive film of, for example, indium 
oxide (hereinafter briefly referred to as 1TO), and an alignment f„m (no, shown) made of, 
r™.e a poiyimide. tit ,he presen, exemplary embodimen,, ,be reflective fflm 20 and 
«e,e .le'areindependenflyfonnedandlamina.ed. However, i, is also accep,a,e 
Z I reflective fllm made of a melal film is used as a pixel eleclrode in the reflective d,aplay 

re8i0 " 1o052] The ccunrer substrate 25 has a color fiber 22 (the red pigment layer 22R in 
Fis 3(B)) on a substrate ma,n body 25A (on a side of the substrate main body 25 A facing the 
Juid crystal layer) made of an optically transparen, material, such as glass or quartz. The 
leu" yer 2 R is surrounded by a blacx matrix BM on its periphery, and tire blade matnx 

common electrode 3, made of a transparen, conductive film of, for example, .TO nd . 
ahgnmen, film (no, shown) made of, for example, po.yimide are arranged on a s,de of the 
color filter layer 22 facing the liquid crystal layer. 
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,00531 The bo.h aligranen, films of the TFT array substrate 1 0 and the counter 
substrate 25 have been treated ,0 be verticaf.y aligned. The TFT array substrate 1 0 has a 

r s ar lard Lon p.ate ,6 and a polarizing plate ,7 on irsou.er surface so as ,0 enable crreu,ar 

erardation Plate 16 (18) canhave a configuration of acircufarly po.anz.ng plate . a 

!I rnatro of a poking plate and a quarter-wave retardarion p.ate, a wide-band cucufarfy 

Irter-vl retardation plare, or a viewing angle conrpensaring p.ate as a combmauon of a 
oling Plate, a half-wave retardation p.ate, a garter-wave retardation plate and a negahve 

serving as an optica, source for .ransmissive display is arrange, outside the polanzmg p.a,e 

1 9 of the TFT array substrate 10. 

,00541 The liquid crystal d.splay device of the present exemplary embodiment has 
sh, openings 4, and 42, or protrusions 43 and 44 in each of the transmissive display regions T 

sht openings „ flh . oa ir of the substrate to control rhe 

and the reflective display regions R m at least one of the pan A . „ „, 

ahgmnen, of the liquid crysla, layer 50. The s,i, openings 4, and 42 are opened m a p rt of 
Rhodes, and the protrusions 43 and 44 are made of a dielectnc and arranged on the 
e,ectrodes. More specif,ca„y, the pixel electrodes 9 each have the shfopemng 4. m the _ 
uansmissive disp.ay region T and the s,i, opening 42 in me reflecfive d.splay regron R. The 
common eleclrode 3. has the protrusion 43 In the transmissive display regron T and the 
orotrusion 44 in the reflective display region R. 

,00551 The openings 41 and 42 and/or the protrusions 43 and 44 arranged on 
surfaces sandwiching the liquid crystal layer 50 con.ro, Ore fif, direction of liquid crystal 
m oleeu.es which have been inhiany vertical aligned, depending on change ,n e.ecfnc Held 
1« specif,,,, by arranging fhe openings 4, and 42 in an elecfrode (in mis ease, the p.xe 
LI 9), a direction of Cectric field between fhe electrodes ,11. from me verhca, d.recf.on 
wifh respec, ,o fhe substrates, and fhe «,. direction of .he liquid crysfa. molecules is onenfed 
afong the til. of electric field. On the other hand, by arranging the protrusions 43 and 44 on 
an electrode (in this case, the common electrode 31), the liquid crystal mo,eeu,es are 
vertically aligned wifh respec, ,o inclined surface of fire protrusions, and the ,i„ d.rec.,„n of 
th e Hquid crysta, mo,ecu,es is thereby oriented. The protrusions 43 and 44 herem have, for 
example predefined inclined surface and have a protruded shape extending ,n a 
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.ongimdnra, direction. The co„f, g ura,.on of *e prions is no, — * 

as ,o„g as ,hey have p.anes ,o con.ro. .he ul, direction of .he liquid orysu. molecules 

,0056 Thus, .he ahgumen, ofKquid crys,a, molecules, especiafly me ,,« d.rechon 
of liqui d crys*, molecules whieh have been ini.ially vertically ahgned ean be con.ro.led bo* 

. more in a .20" cone in reflective disp,ay and a contra, of , :.0 or more .n a ,60 cone 
transmissive display can be obtained. 

,00571 The liquid crysial display device of .he present exe.np.ary embodtmen, b. 

regions R. More specif.ca.ly, the cel. gap in the transmissive d.sp.ay regtons W *» 
ihat in the reflective display regions R by the thickness of the reflective film 20. Referring to 
en,nga4, and 42 of the pixe, e.ectrodc 9, the opening. 2 arranged in the refleettve 

alged in the transmissive display region T, as shown in the p.an v,ew o F.g. W- 
Refelg to the resinous protrusions 43 and 44 arranged in the common e.ecrode 31, he 
44 arranged in the reflective disp.ay region R has a wid<h larger man mat of the 

3<A> ' ,00581 Specificafly, the opening 42 has an openingwidth of about 8 pm and the 
orotrusion 44 has a width of about ,2 urn in the reflective disp.ay region R. In contrast, the 

^ in the transmissive display reg,on T. The area occupied by these openings an 
rotrusions in each regton, i.e., the occupying area in the substrate p.ane , about 35 /. m the 
reflecfive disp.ay region R and about .9% in me .ransmiasive diap.ay regron T. 

,0059! m regions having the openings 4, and 42 and/or me protrus.ons 43 and 44, 
voltage is ,ess app.ied to the ..quid crysta. layer 50, and the Hquid crysta. molecules do no, «,., 
aepending on change in v„„age, unless a high voUage is app.ied. m me preaen, exempt 
embodiment, the occupying area of me openings and protmsions in me reflect dutp, y 

necessary to move «he liquid crys,al molecules in the reflecfive display regton R. 

Zm As was described rela.ing ,0 ,he re.a.ed ar, .echuo.ogies, a transreflechve 
liq uid crys.al disp.ay device has a such reflectance-vohage charac,eris,ic «ha, a reflectance 
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excessive* sharp* drops with an increase vol.age in reflective drsp.ayun.ess. has 
multi - g ap secure (refer ,c Fig. .2(A)). However, a hansreflecuve h,».d crysta. d.spla 
rleaL.hepresen.e.enrpia.e.nhodinren.canhavereflecrance-vohagec^ 

r eflec«ive disp.ay ma.ching whh ,ransmi,,ance-voHa g e characteristics in transm.ss.ve d.splay 
" shown in Fig. 4, even if has no m U Hi-gap structure. Name*, by setting the occupying area 

as shown m Hg. , alimmen , of liquid crystal molecules relatively 

of openings and/or protrustons to control the ahgnment 01 Itqu ^ 

larg er in Are reflective disp.ay region R, a voltage required to move the hqutd crys.a, 
m olecules in the reflective display region R can be set relatively larger. 

,006!! Accordingly, the Hquid crystal display device of the present exemplary 
e.nhodimen. can con.ro, the alignment of liquid crysta! molecules, especially the «,, direction 
of liquid crystal molecules which have been initially vertical* aligned both ,n rhe 

display device can have very wide viewing angle characteristics inure mdtvrdua reg.on . By 
selg me in-plane occupying areas by the devices (openings and/or P ro_) to con rol 
dre alignment of.be liquid crystal molecules different between .he individual regmns .he 
individual regions can have subs.an.ia.,y equal electro-oplica, characterises. Thus, .he 
device can be driven a. .he same vo,.agebo.h in reflective display and in rransm.ss.ve 

display. . , , , 

,0062) The protrusions 43 and 44 can have further larger wnhhs (m-plane 

occupying areas) without problems. However, the openings 41 and 42 having excessive* 
,arge widths (opening areas, may induce problems such tha. liquid crys.a, molecules .„ a 
eentcr part of the openings do no, move or operate even when the voltage ,s mcreased as brgh 
as possible, thus inviting dark display. 

Second Exemplary Embodiment 

,0063] The second exemplary embodiment of .he present invention will be 

illustrated below, with reference to the figures. 

,00641 Figs. 5(A) and 5(B) are a schema.ic plan view and a schema,* Seconal 
view, respecfively, of a liquid crys,a, display device according .o the second exempla^ 
embodiment, corresponding ,o Figs. 3(A) and 3(B) of .he firs, exemplary embodiment. The 
,i,nid crysta. display device of the present exemplary embodiment has a sim.lar bas.c 
eonfiguration to .ha, in the firs, exemplary emhodimen, and has openings 4. and 42 ™> 
in re flec«ive display regions R and transmissive disp.ay regions T of a pixel electrode 9 and 
profusions 43 and 44 in reflective display regions R and transmissive disp.ay regmns T of a 
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common e^ode 31 • However, the second exemp.ary embodiment mffers front - « 
exemplary embodiment in .ha, a resinous insuring fflm 24 is no, arranged ,n ,he 
rimile dtsp.ay reg,ons T, „ame,y, an ins„,a,,n g film 24 having an nneven surface ,0 
scatter is selectively arranged in the reflective display regions R alone. 

100651 According to this configuration, the .ransnnssive display regton has a eel 
gap .arger than tha, of the reflective disp,ay regton by 0.7 pm, i.e., a tota, of the mic^ (0.2 
Z of »e reflective fi.m 20 and the average thickness (0, pm) of the insma.tng ,ayer 24. 
^Latch the renecance-vottage characteristics in reflective disp,a y wirh the ,ransm,«ance- 
echaracteHsticsintransmissivedispiaythedifference^eenceflgapsmusrheahou 

2 tun and a difference of abou, 0.7 pm is insufficient. The insufficiency can he compensated 
H Siting *e area, ra.io of .he opening and/or the protons !arger in me reflecttve d,sp,a y 
regions as in the first exemplary embodiment. 

,0066, in .he second exemp,ary embodiment, the opening 42 has an openmg w.dth 
of about 6 pm and the protrusion 44 has a width of about ,0 pm in the reflective disp,ay 
regton R. fn contrast, .he opening 4, has an opening width of abou, 5 pm and .he P _ 
43 has a width of abou, 6 pm in the transmissive dis pl ay region T. * this case, me m-p,a„e 
occupying area, ra.io of the openings and protrusions in the reflective dispiay regton 
a J 28%, and me in- P ,ane occupying area, ratio of .he openings and protrustons 
transmissive display region T is about 19%. 

,0067, The device of the second exemplary embodiment can have matched e,ectro- 
optica, characteristics ,„ the reflective disp.ay regton R and the transmissive disp,ay regmn 
even if the difference of the area, ratios between the regions is set smafler man mm firs, 
Hp,ary embodiment, since the difference of ce„ gaps between the reflective dtsp.ay regton 
R and the transmissive disp,ay region T is 0.7 pm in .he second exemp.ary embodtmen,. b, 
aoditton, the device can produce brighter transmiss.ve dispiays since the nansm.ss.ve dtsp.ay 

region T has no insulating layer 24. 

Third Exemplary Embodiment 

,00681 The third exemplary embodiment of the present invention wi„ be iflustrated 

below, with reference to Figs. 6A) and 6(B). ...... 

,0069, Figs. 6(A) and 6B) are a schematic plan view and a schemattc Seconal 

view, respectively, of a Homd crysta, disp.ay device according ,o me third exemplary 
embodtmen,, corresponding ,o Figs. 3(A) and 3(B) of me firs, exemplary em— The 
Uqui d crys,a, disp.ay device of*, presen, exemp.ary embodtmen, dtffers from the firs. 
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exempli embodiment in .ha, a common decode (counter electrode) 31 on a counter 
substrate 25 has no protrusions, and «ha, a reflective display region R and a transmisstve 
display region T both have openings 45 and 46. The outer configuration is substantially equal 
to the firs, exemplary embodiment. Accordingly, the same components in Figs. 6(A) and 
6(B) as in Figs. 3(A) and 3(B) have the same reference numerals and detailed descnp.ton 
thereof is omitted. 

100701 in the present exemplary embodiment, the openings arranged m a p.xel 
electrode 9 have an opening width of abou. 7 pm in the reflective dispiay regions R and about 
5 urn in the transmissive display regions T. The openings arranged in the common electrode 
(counter electrode) 3 1 have an opening width of abou. 7 pm in reflective display regions R 
and abou, 5 p.™ in .ransmissive display regions T. The opening area! rafio of the openings ,n 
the reflective display regions R is abou. 25% and .he opening areal ratio of me opemngs m 
the transmissive display regions T is abou, 1 8%. 

,0071) The liquid crystal display device having the above configuration can have 
nta,ched elec.ro-op.ical characteristics in me reflective display regions R and the transmisstve 
display regions T: When .he configuration of the third exemplary embodiment is apphed ,0 a 
Hquid crystal display device of a simple matrix sys,em in which bod, tire pixel decodes 9 
and tite common decode (counter electtode) 31 require patterning of decodes or of acfve 
matrix system in which a ,hin film diode (TFD) is used, photoprocesses in its manufactunng 
process can be reduced by one, and the device can be easily manufactured a. lower cost than a 
liq uid crystal display device having the configuration of the firs, exempt embodiment. 

' ,0072) As the combination of openings and protrusions arranged in electrodes, the 
device can employ any of a configuration in which .he common electrode (upper subs,ra,e) 
has openings and the pixel electrodes (lower substrate) have protrusions, a configurafon m 
which .he common electrode (upper substrate) and the pixel electrodes (lower substrate, have 
pronations, a configuration in which only one of tire common electrode (upper substra.e) and 
th e pixel electrodes (lower substrate) has openings, and a configuration in which only one of 
the common electrode (upper substrate) and tite pixel electrodes (lower subshate) has 

protrusions. 

Fourth Exemplary Embodiment 

[0073] The fourth exemplary embodiment of the present invention will be 
illustrated below, with reference to Figs. 7(A) and 7(B). 



16 



,0074) Figs. 7(A) and 7(B) is a scheme plan view and a schematic sectional vtew, 
respectively, of a ,i q uid crystal display device according ,0 the fourth exemplary embodiment 
coLponding to Figs. 3(A) and 3(B) of the fits, exemplary enrbodinten, The hqmd crystal 
di s P ,ay device of the present exempt embodiment has a configuration such tha, the 
di sLce between adjacent two of openings and/or protrusions arranged in refleofve d,sp.ay 
regions R is smaller than the distance between adjacent two of openings and/or pro.rus.ons 
arranged in transmissive display regions T. _ 

,00751 Specifically, in this configuration, the pitch between the opemngs and/or the 
pitch between the protrusions differs between the reflective display regions R and the 
Lsmissive disp,ay regions T, and the width of the openings and the width of.be pr— 
are equal be.ween .hese regions. The Cher conf.gura.ion is subs,antia»y flte same as the firs, 
exemplary embodimen., and common component in Figs. 7(A) and 7(B) as in F.gs. 3(A) and 
3(B) have .he same reference numerals and de.ailed description .hereof is onutted. 

,00761 m the presen. exemplary embodimen,, the openings anranged m the p.xel 
eiecrodes 9 have an opening width of abou. 5 pm bo.h in me reflective display regions R and 
Ute .ransmissive disp.ay regions T. The profusions arranged on .he common electrode 
(counter e.ectrode) 3) have a widm of abou. 6 pm bo.h in ,he reflective display regmns R and 
th e .ransmissive disp.ay regions T. The dis.ance (pitch) between a protrusion 44a and 
adjacent prohrrsion 44b arranged in .he reflective display regions R is abou. ,7 pur, and .he 
dis.ance (pi.ch) between a prcrusion 43a and an adjacen, protmsion 43b arranged m me 
.ransmissive disp.ay regions T is abou, 34 pm. The area, ratio of me openings and , he 
protrusions in tire reflective display regions R is abou. 38%, and me area, ratio of ,he 
openings and protrusions in ,he .ransmissive display regions T is abou, 19%. 

,0077) The liquid cryslal display device having .he above configuration can also 
h ave ma.cheu electro-optica. charac.eris,ics in .he reflective display regions R and tire 
.ransmissive display regions T. The opemngs and previous having a cons,an, w,d,h as ,n 
me presen, exempt embodimen, can simplify pho.oprocesses in i«s manufachanng process. 
Fifth Exemplary Embodiment 

10078] The fifth exemplary embodiment of the present invention will be illustrated 

below, with reference to Fig. 8. 

,00791 Fig. 8 is a schematic plan view of a liquid crystal display devee accordmg to 
,he fifth exemplar embodimen, corresponding ,0 Fig. 7(A) of the fourth exemplary 
e mb odimen,. In me fifth embodimen,, me liquid crystal molecules til, in different direCons 
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between the reflec.ive disp.ay reg,o„s R and the missive disp.ay regions T. This ma 
cause asymmetric viewing angie characteristics. b .he Uquid erysta, disp.ay evtce of ,he 
present exempt embodiment, the iiouid crysta, mo.ecu.es «. in subs,an„a,,y same 
Luons in the d.sp.ay regions R and T by aHowing the openings and/or pro.nrs.ons mthe 
in dividua, disp.ay regions R and T .o be symme,rie within a pixe,, as shown m F,g. 8 More 

Led in a direction in which .he openings and/or protmsions extend, and a, .east .he 
Ic rve disp.ay regton R and the transmissive disp.ay region T are a^anged in .he extendmg 
rin. This eonftguration enab.es .he liquid crysta, mo.ecu.es to ,ih in ,a,era„y symmetnc 

^'ToSO] in the present exemp.ary embodiment, each of the pixel electrodes and the 
common electrode has openings a.one. With reference to Fig. 8, an opening A is an openmg 
ranged tn me common e,ec,rode, and an opening B is an opening arranged ,n the pixe 
e.ectrode The pitch of openings differs between the transmissive display regions T and the . 
reflective disp.ay regions R as in the fourth exemp.ary embodiment. As is described above, 
openings having a larger width may fre q uen.,y induce prob.em, Thus when openings are 
fled, their area, ratio is preferab.y controhed by eontml.ing .he p.teh thereof. The other 
configuration is substantia,* the same as the fourth exemp.ary embodiment, an common 
components in Fig. 8 as in Fig, 7(A) and 7(B) have the same reference numera,s and detaded 
description thereof is omitted. 

,0081] in the present exemplaty embodiment, the openings arranged ,n a pixel 
e.ectrode 9 have an opening width of about 5 pm bom in the reflective disp.ay regions R and 
,he emissive disp.ay regions T. The openings arranged in the common etectrode (counter 
e.ectrode) 3 , have an opening width of about 5 pm both in the reflective disp.ay regions 
and me transmissive disp.ay regions T. The pi.ch between an opening and an adjacent 
openmg armnged in the reflective disp.ay regions R is about ,7 pm, and Ore piteh between , 
opening and an adjacent opening arranged in the transmissive disp.ay regions T is about 34 
p m The opening area, ra.io of the openings in the reflective display regtons R ts about 36 , 
and the opening area, ratio of the openings in the transmissive dispiay regions T is about 

1S% ' [00821 The liquid crystal disp.ay device having the above configuration can also 
have matched e,ec,ro-op,ica, characteristics in the reflective disp.ay regtons R and the 
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tr a„smissive disp.ay regions T. I, can yie.d vertical and ta.era.ly symmefiic viewing ang.e 

Qivth Fxemplary Embodiment . 
X. T^sixdnexernp.arye^bodirnen.of.hepresen.inven.ionwiUbemu^ed 

below with reference to Figs. 9(A) and 9(B). 

' ,0084, Figs. 9(A) and 9(B) are a schematic p,an view - a schema,, secfiona, 
v ,ew of a hquid crysU, d is p,ay dev.ce according ,o me sixm exemp.ary 

„,„ R „ 3(A) a„d 3(B) of the firs, exemplary embodiment. The hqn.d crystal 
Z£, r^.exJp.aryembodimen.has— ve ^ regions T a, me 
eel of do.s (Dl , D2, and D3), resinous prontsions 47 a, ft. center .hereof and sh, 
ZZ 4B ■ a reflecfive d.splay region R around .he do,. A pixel e.ecfiode ranged ,n 
"missive display region T and another pixe! elecfiode arranged in .he reflecfive 
* Legion R are connected .hrongh bridges a. ,wo poin., The Che, configrrrafion , 

tla ,y .he same as .he fir, exempt embodtmen, and common eomponen is m F.gs. 
Z and 9(B). as in Figs. 3(A) and 3(B), have the same reference numerals and defin.ed 
description thereof is omitted. 

,0085, in .he presen. exemp.ary embodiment .he area, rafio of opemngs 48 m .he 
flecfive disp.ay region R ia abou. 19%, and .he area, ratio of .he profusions 47 m ,he 

^o R and .he .ransm.ssive disp.ay region T. The preaen. exemp.ary embodrmen can 

ITeasi.y con,ro, .he ti.. d.rec.ion of fiquid crys,a, mo.eeu.es, since .he op^ungs 48 are 

Tlged a boundaries between .he .ransmisstve d.sp.ay region T and .he reflecfive dtsp.ay^ 

Zl R. where .he ahgnmen. is ap. ,o become disordered due .o some steps. Advantage as 

le pr sen. exemp.ary embodimen. can be ob.ained when profits 57 a. arranged on 

e,ec.rode 9 and openings 58 are arranged in fire common elecfiode 3,. as shown m 

Fig 10 Quadrangular pyramids are illustrated as the protrusions 47 and 57 in Figs. 9 and 10 
'Lne big a predetermined .nctined surface as in a cone or tire lixe can a,ao be employed. 

Electronic Equipment 

,0086, A specific examp.e of e,ee.ronic equipmen, having .he liqutd crys.al d,sp,ay 
device according .o .he above exemplary embodiment of me presen. invention wil, be 
illustrated. 
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,0087] Fig. 1 1 is a perspective view showing an example of mobile phones. Ftg.ll 
a mobile phone main body ,000 and a display unit ,00! 
display device. By using. he liquid crystal disp.ay device of <h, above exempt 
emlmments * a disp,ay uni, of e,ec«ronic equipmen,, such as mobile pbones, ,he resuUmg 
Tectronic equipment can yie.d a bngh, and high-contrast H q uid crvaul disp.ay por,,on hav,„ g 
a wide viewing angle irrespective of use environment 

,0088) The .echnica! scope of the present invention is no. limi.ed .o me above 
exempt embodimen.s, bu. various modifications are possible without departing from .he 
cop'onhe invenuon. For example, whi,e in me above exemplary embodiments, ,he presen, 
JLion is applied .o an ac.ive-marrix liquid crys.a, disp.ay using a TFT as a switcmng 
e,eme„, i. is a.so possib.e ,o a PP ,y me presen. invenrion «„, for examp.e, an ac.rve-ma.nx 
liq „id crista, disp.ay, a passive-matrix ..quid crys.a. disp.ay and so on that use a thm-film- 
aLe (TFD) awitching e.ement. Specific description abou, for examp.e, the ma,ena,s, srzes, 
shapes of various components may be changed as appropriate. 



